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LED TECHNOLOGY IMPROVEMENTS 

• BRIGHTER PRODUCTS 

• LOWER OPERATING CURRENTS 

• NEW COLORS 
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IMPROVEMENTS IN 
LED MATERIALS TECHNOLOGY 
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TYPICAL LUMINOUS INTENSITY 
DH AIGaAs T-1 3 / 4 LAMP 
VS. LOW CURRENT HER T-13/4 LAMP 

V. 60 1 1 1 1 
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INTENSITY & COLOR 



THEORY 
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RADIOMETRIC UNITS: 



PHOTOMETRIC UNITS: 



W/SR 
Im/SR OR 

CANDELA, CD 
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BOTH LAMPS HAVE THE SAME 
LED CHIP AND THE SAME SHAPED 
DOME LENS 




UNDIF FUSED PLASTIC LAMP: HIGH VALUE OF ON AXIS LUMINOUS INTENSITY 
WITH A NARROW RADIATION PATTERN 




DIFFUSED PLASTIC LAMP REDUCED VALUE OF ON AXIS LUMINOUS 

INTENSITY WITH A WIDE RADIATION PATTERN 
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TRADITIONAL USE OF INDICATORS 




HIGHLIGHTING BACKLIGHTING 




STATUS 
INDICATORS 
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FLAT TOP LAMP MOUNTING TECHNIQUES 




PC MOUNTING SCHEME 



FRONT PANEL 
FRONT VIEW 



FRONT PANEL 
SIDE VIEW 



CONNECTOR MOUNTING SCHEME 



FRONT PANEL 
SIDE VIEW 
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LED SURFACE MOUNT TECHNIQUES 




FRONT 
PANEL 
WITH 
FILTER 




MEMBRANE 

FRONT 

PANEL 



"GULL WING" BEND 



•YOKE" BEND 
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LOW CURRENT 
DH AIGaAs LAMPS 



lv tested at 1mA 

DH AIGaAs l v @ 1mA same as HER @ 10mA 

Vf DH AIGaAs less than Vf HER 

Efficient at low drive currents 0.1mA to 10mA 

Ideal for battery operation 

CMOS/MOS compatible 
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LUMINOUS EFFICIENCY 
DH AIGaAs VS HER AND STD RED 
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USING INDICATORS FOR BACKLIGHTING 





J 



HEWLETT 
PACKARD 



TWO METHODS FOR BACKLIGHTING 



BACK LIGHTING 
MODULES 



INDICATORS USED WITH 
OPTICAL CAVITY 




LEOEND/fftOKT MN£L 



BACKLIGHTING 
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LIGHT BAR LEGEND FAMILY 




• FACTORY INSTALLATION SAVES 
TIME IN MANUFACTURING, 
PURCHASING AND STOCKING 

• LIGHT OR DARK FIELD FORMAT 

• CUSTOM LEGENDS AVAILABLE 

• 502 OPTION AVAILABLE 
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INDICATORS FOR BACKLIGHTING 
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TYPICAL BACKLIGHTING ASSEMBLY 




REFLECTING 
CAVITY 



CONTRAST ENHANCEMENT 
FILTER 



DIFFUSER — 
MAY BE OPTIONAL 



LEGEND 
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BACKLIGHTING WITH THE 
INCANDESCENT SUBSTITUTE 
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INTENSITY SELECTION SIMPLIFIES 
FRONT PANEL MATCHING 
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LUMINOUS STERANCE, L, 




FOOTLAMBERTS 

Lv(fL) = 7Tl v(cd) 
A(ft«) 

CANDELAS PER 
SQUARE METRE 



INTENSITY PER 
UNIT AREA OF 
A LIGHT SOURCE 



Lv(cd/m2) = lv(cd) 
A(m2) 
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RELATIVE LUMINOUS STERANCE 



LED COLOR AND 
DOMINANT WAVELENGTH 


UNFILTERED 


WITH A 18% 
NEUTRAL DENSITY 
GRAY FILTER 


GREEN, X d = 572 nm 


2.1 


1-7 


YELLOW, X d * 585 nm 


2.2 


2.0 


HIGH-EFFICIENCY RED, X rf = 626 nm 


1.00 


1.00 


STANDARD RED, X rf e 640 nm 
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DEFINITION: 

LUMINOUS STERANCE IS THE QUANTITATIVE MEASUREMENT 
OF PERCEIVED BRIGHTNESS 



Lv= T 



U, = AVERAGE LUMINOUS STERANCE 

ly = LUMINOUS INTENSITY 

A «= LIGHT EMITTING PIXEL AREA 
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MINIMUM ACCEPTABLE LIGHT OUTPUT 
USING AN 18% TRANSMISSION 
GRAY FILTER 
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TRADITIONAL DESIGN PROCEDURE 



STEPS: 

1. BUILD PROTOTYPE 

2. ADJUST If 

3. CALCULATE R 

4. BUILD PRODUCT 
PROBLEM: 

NO GUARANTEE THAT FUTURE PRODUCTS 
WILL HAVE SAME l V AS THE PROTOTYPE SAMPLES 
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S02 OPTION DISPLAYS AND LAMPS 




• 2 ADJACENT INTENSITY BINS 

• SIMPLIFIES INVENTORY 
CONTROL AND ASSEMBLY 

• GUARANTEED MATCHING FROM 
PROTO TYPE 

TO PRODUCTION 

• AVAILABLE IN RED, 
HIGH EFFICIENCY RED, 
YELLOW AND HIGH 
PERFORMANCE GREEN 

• AVAILABLE FOR MOST 
PRODUCTS 
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HYPOTHETICAL DEVICE INTENSITY 
BIN DISTRIBUTION 
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INTENSITY BINS 



r—T—S 
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S02 OPTION DESIGN 



1. Calculate required luminous sterance 

2. Calculate If using AN 1031 

3. Build test circuit to verify matching 

4. Adjust If as desired 

5. Build product 
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NUMERIC DISPLAYS 



7 SEGMENT 
NUMERIC 



o 
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4x7 DOT 
NUMERIC 
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COMMERCIAL AND INDUSTRIAL 

PRODUCT FAMILIES 

Numeric Displays 
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LARGE SEVEN SEGMENT DISPLAYS 
7.6 mm (.3") 
10.9 mm (.43") 
14.2 mm (.56") 
20.0 mm (.80") 



AAAAAAA 



XQX 
wirinnr 



MONOLITHIC DISPLAYS 
2.8 mm (.11") 
4.5 mm (.175") 
STANDARD RED ONLY 



OBIC DISPLAYS 
7.4 mm (.29") 

BCD/HEXADECIMAL DECODER 
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DH AIGaAs NUMERIC DISPLAY FAMILY 




4 sizes (.3, .43, .56, and .8) 
Available as Low Current 
Or Sunlight Viewable 
Red color only 
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TYPICAL LUMINOUS INTENSITY DH AIGaAs .56" 
DISPLAY VS. LOW CURRENT .56" DISPLAY 
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ALPHANUMERIC DISPLAYS 



S0 



16 SEGMENT ■ ■ ■ ■ ■ 35 DOT MATRIX 

— NUMERALS ■ ■ ■ ■ ■ — NUMERALS 

- ALPHA SYMBOLS _ _ _ _ _ - ALPHA SYMBOLS 
UPPER CASE UPPER CASE 

■ ■ ■ ■ ■ LOWER CASE 
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MONOLITHIC ALPHANUMERIC DISPLAY FAMILY 



NON OBIC DISPLAYS 
3.56 mm (.140") 
3.81 mm (.150") 
STD. RED ONLY 



SMART DISPLAYS 
2.85 mm (.112") 
4.1 mm (.16") 
STD. RED ONLY 



beo±xx 
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DISPLAY SYSTEMS 
16 CHARACTER 1414 
32 CHARACTER 2416 
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HPDL-2416/HPDL-1414 ASCII CHARACTER SET 
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SEGMENTED DISPLAYS 
CODED DATA CONTROLLER 
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ADDRESS BUS 
• 



RAW 



ROM' 



DATA 
BUS 



SYSTEM CLOCK 



' PROGRAM 
' SCRATCHPAD 




RAM 




ASCII 




SEGMENT 




DECODER 




DRIVERS 



DISPLAY 



COUNTER 



l/N 
DECODER 



DIGIT 
DRIVERS 
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SMART ALPHA NUMERIC DISPLAY FAMILY 




• BUILT-IN RAM, ASCII DECODER, 
AND LED DRIVER 

• VERY FAST ACCESS TIME 

• TTL COMPATIBLE OVER 
OPERATING TEMPERATURE 
RANGE 

• 64 CHARACTER ASCII 
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BLOCK DIAGRAM OF 
MICROPROCESSOR INTERFACE 



Do-t>7 DATA BUS 




la 
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De-D, 


D»-D, 


Der-D, 


Do-Dl 


Oe-D, 


HPOL 


HPDL 


HPDL 


HPDL 


HPDL 


1414 


1414 


1414 


1414 


1414 


str A<,-A, 


WR Ac-A, 


WR Ap-Ai 


WB A -A, 


Wfi A<.-A, 



ADDRESS BUS 



25 



HEWLETT 
PACKARD 



MONOLITHIC DISPLAY 
SYSTEMS 
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DOT MATRIX ALPHANUMERIC DISPLAY FAMILY 
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NON OBIC DISPLAYS 
17.3 mm (0.68") 
26.5 mm (1.04") 
STD. RED, HER ONLY 



OBIC DISPLAYS 
3.71 mm (.146") 
4.87 mm (.192") 
6.86 mm (.27") 



—t-t,\ii 3 — 



DISPLAY SYSTEMS 
16, 24, 32 AND 40 
CHARACTER LENSES 
3.71 mm (.146") 



SMART DISPLAYS 
4.81 mm (.189") 
HER/YELLOW ONLY 
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4 "LARGE X-Y STACKABLE 5x7 DISPLAYS 
-SIMPLIFY MESSAGE ARRAYS 
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COLUMN DRIVE IMTUTS 
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Dl CODED 
DATA 
OUTPUT 



Block Diagram of HDSP-2000/-2001/-2002/-2003 
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SMART DOT MATRIX 

Alphanumeric Display 
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Easy to interface 
Programmable control word 
128 ASCII character set 
16 user defined character symbols 
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SIMPLIFIED INTERNAL 
BLOCK DIAGRAM 

HDSP-211X 
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DISPLAY 



ROW 
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CONTROL WORD ENTRY 

HDSP-211X 
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Brightneu 
Control 
Levels 
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DISABLE FLASH 

1 ENABLE FLASH 



DIABLE BLINKING 

1 ENABLE BLINKING 

X NORMAL OPERATION; X IS IGNORED 
X START SELF TEST; RESULT GIVEN IN X 
X « FAILED X = 1 PASSED 



NORMAL OPERATION 

1 CLEAR FLASH AND CHARACTER RAMs 



CONTROL WORD DATA FORMAT 
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RELATIVE LUMINOUS INTENSITY 
VERSUS DRIVE CURRENT 
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CONTRAST 
ENHANCEMENT • 

FOR 
LED DISPLAYS 
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CONTRAST ENHANCEMENT 
FILTERS FOR 
INDOOR APPLICATIONS 
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TYPICAL TRANSMITTANCE CURVES FOR FILTERS 
TO BE USED WITH STANDARD RED DISPLAYS 
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HOMALITE 



CHEQUERS 

rll2 



- { p . 4. ... 
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COMPARISON BETWEEN TWO LONG PASS RED FILTERS 
FOR USE WITH HIGH-EFFICIENCY RED DISPLAYS 
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FILTER WITH SHARP 
CUT-OFF IN REGION 
OF LED PEAK 
WAVELENGTHS 
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SIMULATED ^HIGH-EFFICIENCY BED 

DIRECT ^ \ £LED DISPLAY 
SUNLIGHT ' - " « ^^napnmcu j-io amrc -en tcd 



REDDISH-ORANGE FILTER 
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LED SOURCE 




LOUVERED CONTRAST 
FILTER 
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PLASTIC FILTER VENDORS 



• CHEQUERS ENGRAVING, LTD. 

• SGL HOMALITE 

• 3M COMPANY 

• PANELGRAPHIC CORPORATION 

APPLICATION NOTE 1015 

I I 
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MOTION CONTROL 

APPLICATIONS 
SEMINAR 



APPLICATIONS LAB EUROPE 
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INTRODUCTION 



MOTION CONTROL USING 
HEWLETT-PACKARD 
COMPONENTS 
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HP'S COMMITMENT TO MOTION CONTROL 



HOST 



HCTL-2000 



HCTL-1000 



CONTROLLER 



^AMP^>- 



QUADRATURE 
DECODER/ 
COUNTER 




M 




HEDS-5000 SERIES 
HEDS-5500 SERIES 
HEDS-6000 SERIES 
HEDS-7000 SERIES 
HEDS-9000 SERIES 
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BASIC CONCEPTS OF DIGITAL 
CLOSED LOOP CONTROL 
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ADVANTAGES OF DIGITAL CONTROL 



■ Low cost 

■ Low part count 

■ High reliability 

■ No temperature drift 

■ Software programmable 
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CHOOSING A MOTOR 




I 

D.C. brush 
D.C. brushless 
Step 

Fundamental equations 
Motor selection 



44 



mi'fiM PACKARD 



COMPARISONS OF MOTOR TYPES 



MOTOR TYPE 


ADVANTAGES 


DISADVANTAGES 


Brush 


Smooth torque 
Low cost 

internal commutation 


Brush wear 
Moderate speed 


Brushless 


High speed 
Low inertia 


Complex 
commutation 
High cost 


Step 


Fixed step angles 
Open loop capability 
Low cost 


Fixed step angles 
Low speed 
Resonances 
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CHOOSING AN AMPLIFIER 




■ Linear amplifiers 

■ PWM switching amplifiers 



45 



What HEWLETT 

mL'fLM PACKARD 



COMPARISONS OF AMPLIFIERS 



AMPLIFIER 


ADVANTAGES 


DISADVANTAGES 


Linear 


Easy to model 
No audible noise 
Low electrical noise 
Lower power loss 
in motor 


High power loss 

in transistors 
High heat dissipation 
Low power 

capabilities 


Switching 
(PWM) 


Low power loss 
in transistors 

Lower heat 
dissipation 

High power 
capabilities 


More complex 
Possible audible 
noise 

Higher electrical 
noise 

Higher power loss 
in motor 
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CHOOSING AN OPTICAL ENCODER 




■ Slot interrupter/reflector 

■ High performance encoders 

— Absolute 

— Incremental 
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HIGH PEI 



lNCE ENCODERS 



LIGHT 
SOURCE 



□ 
□ 



□ 



□ 



AMPLIFIER 



LENS 




DIGITAL 
OUTPUT 



□ u 

PHASE 
| — | PLATE 

CODE 
WHEEL 



PHOTO- 
DETECTOR 



DIGITIZER 
CIRCUITRY 



la 
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HIGH PERFORMANCE CODE WHEELS 
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ABSOLUTE ENCODER WAVEFORMS 



i* OUTPUT 



2' OUTPUT 



2» OUTPUT 



ADVANTAGES 

■ Various output codes 
available 

■ Easy interface to digital 
controller 

■ Position saved at power 
down 



SHAFT POSITION 

DISADVANTAGES 

■ Large size 

■ 2 N counts requires 
N channels 

■ Expensive 
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DIGITAL INCREMENTAL ENCODER WAVEFORMS 



A OUTPUT 



B OUTPUT 



SHAFT POSITION 



ADVANTAGES 

■ Small size 

■ High resolution 

■ Low cost 

■ Index pulse for position 
reference 



DISADVANTAGES 

■ May require additional 
interface circuitry 

■ Position "lost" at 
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USING HEWLETT-PACKARD 
OPTICAL INCREMENTAL ENCODERS 



HEDS-5000/6000 ENCODER FAMILIES 
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HEDS-5000/6000 ENCODER FAMILIES 
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HEDS-5010/6010 ELECTRICAL BLOCK DIAGRAM 



\7 



L 

E MIT T £ 



LEO 



- 'HASf PLATE 



RESISTOR 



« E NO PLATE - C 



t — PMOT001O0E 
^j-^^AMPLIFIERS 


PARATOft 

> 


— 1 


> 




PAflATOft 

> 



OR 
DO NOT 



CHANNEL B |8 



Channel i ,10 



ENCODl" BODY 



■ HEDS-5000 and HEDS-6000 are two channels only 

■ Mechanical phasing is necessary 
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5000/6000 FAMILY FEATURES 

■ Small size 

— 28mm diameter (HEDS-5000/5010) 

— 56mm diameter (HEDS-6000/6010) 

■ Many resolutions available 

— 24-640 CPR (HEDS-5000/5010) 

— 192-1200 CPR (HEDS-6000/6010) 

■ TTL compatible digital output 

■ Single 5V supply 

■ Wide operating temperature (-55°C to 100°C) 

■ Detector electronics integrated onto one I.C. 
tor high reliability 



LJ 
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USING HEWLETT-PACKARD 
OPTICAL INCREMENTAL ENCODERS 



HEDS-7500 DIGITAL 
POTENTIOMETER 



HEWLETT 
PACKARD 
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HEDS-5500 QUICK ASSEMBLY OPTICAL ENCODER 
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HEDS-5500 ELECTRICAL BLOCK DIAGRAM 




PHOTO- 
DIODES COMPARATORS 






A 
X 








B 








1 




SIGNAL 
PROCESSING 
CIRCUITRY 





CHANNEL A 

— n 



N.C 



CHANNEL B 
k) 

I 5 



I 



I 

Ignd 
, 1 



EMITTER SECTION 



DETECTOR SECTION 



L_I 
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HEDS-5500 FEATURES 

Very quick and easy assembly 

— No signal adjustment required 

— Insensitive to radial and axial play 

— Insensitive to mounting misalignment 
Low cost 

Small size 

Many resolutions available (96-512 CPR) 
-40°C to 100°C operating temperature 
Two channel quadrature output 
TTL-compatible outputs 
Single 5V supply 



5h 




HEDS-9000/9100/9200 MECHANICAL DRAWING 




nzr 
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HEDS-9000/9100 DEFINITIONS 





;ODE WHEEL 



PHOTO DETECTORS 



Rop 



■ Center of code wheel to center of window 

■ Center of photo detector to center of arc 
Resolution 2 X p 

■ CPR = Number of counts per revolution = 17 p 

■ LP mm (LPin) = Number of counts 
or lines per mm (inch) = 
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HEDS-9000/9100 OPTIONS 



ROTARY MODULE 


FULL COUNTS 
PER REVOLUTION 


RESOLUTION 


LPmm 


LPin 


HEDS-9000 — BOO 


1000 


6.81 


172.96 


— A00 


500 


3.41 


86.49 


HEDS-9100 — 100 


512 


7.41 


188.19 


— A00 


500 


7.24 


183.80 


— H00 


400 


5.79 


147.03 


— GOO 


360 


5.21 


132.30 


— F00 


256 


3.70 


94.09 


— E00 


200 


2.89 


73.51 


— D00 


192 


2.78 


70.57 


— COO 


100 


1.45 


36.76 


— K00 


96 


1.39 


35.29 



HEDS-9000 optical radius = 23.36mm (0.920") 
HEDS-9100 optical radius = 11.00mm (0.433") 
Max resolution approximately 7.87 LPmm (200 LPj n ) 
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HEDS-9000/9100 CUSTOM ENCODER DESIGN 



1. Set LPmm (LPin) of module = LPmm (LPin) of code wheel 

MODULE CODE WHEEL 

PPR 

LPmm (LPM) = 2 °™ p 

2. Solve for Rqp of code wheel 



i — r 
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HEDS-9000/9100 DESIGN CONSTRAINTS 

nAAAAAn 




ACTUAL CODE WHEEL CPR IS MUCH 
HIGHER THAN ILLUSTRATED 



Using standard modules 

— Vary Rop with specified resolution [LPmm (LPin)] 

— 11.00mm < Rop < 50.80mm (.433" < Rop < 2.00") 

— Use HEDS-9200 for Rop > 50.8mm (2.00") 
Custom modules may be possible 

1.2 < LPmm < 7.8 (30 < LPin < 200) 



57 



HEWLETT 
PACKARD 



HEDS-9000/9100 CUSTOM DESIGN EXAMPLE 



REQUIRE: CPR = 450 

1. Choose a standard 9000 or 9100 module 
HEDS-9100 option H00 (400 CPR, 11.00mm Rop) 

2. Calculate the line density of module 
400 



LP mm — 



= 5.79mm 



2tt 11.00mm 

3. Set line density of module equal to line density 
of code wheel 

450 



5.79mm = 



Rop = 12.37mm 



2x Rop 
Check Rop constraints 
11.00mm < 12.37mm < 50.8mm 

Use data sheet for recommended code wheel characteristics 



PACKARD 

HEDS-9200 LINEAR ENCODER MODULE 
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HEDS-9200 OPTIONS 



LINEAR MODULES 


RESOLUTION 
LPmm LPjn 


HEDS-9200 — POO 

— MOO 

— LOO 


5.91 150 
5.00 127 
4.72 120 



1.2 < LPmm < 7.8 
30 < LPjn < 200 



izzr 
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HEDS-9000/9100/9200 FEATURES 

■ Very quick and easy assembly 

— No signal adjustment required 

— Insensitive to radial and axial play 

— Insensitive to mounting misaligned 

■ Low cost 

■ Small size 

■ Many resolutions available 

■ Two channel quadrature output 

■ TTL-compatible outputs 

■ -40°C to 100°C operating temperature 
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USING THE HCTL-2000 
TO SIMPLIFY SYSTEM DESIGN 



GENERAL DESCRIPTION 
AND OPERATION 



¥Aff% HEWLETT 
mLCM PACKARD 
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HCTL-2000 GENERAL DESCRIPTION 
AND OPERATION 
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HCTL-2000 SYSTEM BLOCK DIAGRAM 



\ HOST SYSTEM BUS ) 



\ HOST SYSTEM BUS { 

— T\ 



HCTL-2000 



MICROPROCESSOR 
CONTROLLER 




DIGITAL MOTION CONTROL 



DIGITAL DATA ENTRY 
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HCTL-2000 SIMPLIFIED LOGIC DIAGRAM 



CLK 



CHA' 



CHB ^> 



RST 



3-STATE 
DIGITAL 
NOISE 
FILTER 



CNT 



QUADRATURE 
DECODER 



12-BIT 
BINARY 
COUNTER 



11 



SEL 



OE ' 



LOGIC 
STL 



12-BIT 
LATCH 



EDS 
DIS 



D„ - D 7 
D, - D,, 
D„ - D„ 

SET 
5E 
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ADVANTAGES OF USING THE HCTL-2000 
OVER USING DISCRETE ICs 



■ Less board space required 

■ Higher reliability (fewer traces, solder joints, etc.) 

■ Integral digital noise filter 

■ 12-bit counter and latch 

■ Tristate interface 

■ 4x decoding 
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HCTL-2000 APPLICATIONS 



"Incremental" 
Positioning 



HCTL-2000 



CPU 





OE 




SEL 




D0-D7 


A 




B 





OE 
A 

D0-D7 



RAM 



"Absolute" 
Positioning 

HCTL-2000 CPU 



INDEX 




OE 

SEL 
D0-D7 



RESET 

A 

B 



7^ 



OE 
Ao 

D0-D7 



USING THE HCTL-1000 
AS A DEDICATED SLAVE 
PROCESSOR 



GENERAL DESCRIPTION 
AND OPERATION 



HEWLETT 
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HCTL-1000 
GENERAL DESCRIPTION AND OPERATION 




a 
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HCTL-1000 GENERAL CONTROL BLOCK DIAGRAM 



INPUT 
COMMAND 



L 



D(Z) 



G(S) 



OUTPUT 



Command position — quad encoder counts 
Command velocity — quad encoder counts/ 
Command acceleration — quad encoder counts/sample time 2 
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HCTL-1000 EXPANDED CONTROL BLOCK DIAGRAM 



[""profile 
i generator 



FLAG REGISTER 



-J* 



I 



COMMAND 
POSITION 



>8-l 

rrfh 



8-BIT MOTOR COMMAND 



D(Z) 



COMMAND / 
VELOCITY * 



ACTUAL 
VELOCITY 



PWM 
MOTOR 
COMMAND 



COMMUTATOR 



ACTUAL 
POSITION 



QUADRATURE 
DECODER/COUNTER 



G(S) 
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OPERATING MODE FLOWCHART 



TO R05H 



RESET PW 
LOW 

WRITE 00M- 
TO ROSH 



INITIALIZATION 
IDLE 



WRITE 01H 
TO R05M 



i r 



LIMIT 
PIN 
LOW 



1 



WRITE 03H 
TO ROSH 



SET/CLEAR 
FO. F3, OR F5. 
ONLY ONE FLAG 
SHOULD BE SET 
AT A TIME 



FO, F3.F5 




TRAPEZOIDAL 
PROFILE 

(CONTROLLER 
CLEARS 

FO AT THE END 

OF THE MOVE. 



PROPORTIONAL 

VELOCITY 
CONTROL 



INTEGRAL 

VELOCITY 
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HCTL-1000 HARDWARE RESET 



Available as external pin 
Must be used following power on 
Sets default register conditions 
Branches to initialization and idle 
Motor coasts to uncontrolled stop 
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HCTL-1000 LIMIT FLAG 



■ Available as external pin 

■ Used in any mode 

■ When set, HCTL-1000 branches to 
initialization/idle mode 

■ Motor coasts to an uncontrolled stop 
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SAMPLE TIMER AND DIGITAL FILTER 



AD,***- 
AO,*)*.- 



ALE - 

5- 



EXTCLK- 
fiTTTT - 



portion 

OENEftATOR 



IK) TOR 
COMMAND 
TOUT 



QUADRATURE 
DECODER 
COUNTER 
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HCTL-1000 SAMPLE TIMER 



16 (ROFH +1) 
^external elk 



Control Mode 



ROFH contents 
Minimum limits 



Min. Sample Rate 
2 MHz 1 MHz 



Max. Sample Rate 
2 MHz 1 MHz 



Position control 
Proportional velocity control 
Trapezoidal profile control 
Integral velocity control 



7 
7 
15 
15 



64 

64/xS 
128«s 
128*iS 



128/iS 
128/xs 
256uS 
256ms 




2048«s 
2048 M S 
2048ms 
2048/iS 



4096^5 
4096mS 
4096/xS 
4096/iS 
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DIGITAL COMPENSATION FILTER EQUATION 



D(Z) = 



K Z- (A/256) 
4 Z+(B/256) 

A = Zero (R20H) 

B = Pole (R21H) 

K = Gain (R22H) 
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MODEL OF AN HCTL-1000 
CLOSED LOOP SYSTEM 



HCTL-1000 




MOTOR AND LOAD POSITION ENCODER 











1 




(«7m * 1| («T E 4 1) 




• 



OUTPUT 
" POSITION 



Kd = 3.90 x 10" 2 volts/count 7m = 0.077 sec 

Ka = 4.0 7e = 1.80 x 10 " 4 sec 

Kmv = 31.8 rad/volt-sec N = 500 counts 



LZI 
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ROOT LOCUS OF UNCOMPENSATED SYSTEM 
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ROOT LOCUS OF COMPENSATED SYSTEM 




STEP RESPONSE OF 
COMPENSATED SYSTEM 

50 I 1 1 1 1 1 

45 
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EFFECT OF A ON SYSTEM RESPONSE 



B 

t 
K 



64 

1024ms 
1 to 255 



-Re(Z) 



A = 64 
A = 146 
A = 229 




-1 -.8 -.6 -.4 -.2 .2 .4 .6 

A = 229 



T / 20T 



+Re(Z) 
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EFFECT OF A ON STEP RESPONSE 



50 
45 

40 

35 
30 

SHAFT POSITION 
(QUADRATURE 25 
ENCODER COUNTS) 

20 
15 
10 

■ B = 64 5 

■ K = 64 

■ t = 1024uS 





.. . ._ 

r* 


r 

* 64 


























■ 146 


















YY a 
























































































1 \ 










































\j\ 


— A i 


t 200 














— A « 229 















0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 

(SECONDS) 



EZJ 
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EFFECT OF t ON SYSTEM RESPONSE 




EFFECT OF t ON STEP RESPONSE 




0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 
■ K = 64 TIME (SECONDS) 
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EFFECT OF A, B, K, AND t 
ON SYSTEM RESPONSE 



INCREASE 
IN PARAMETER 


STABILITY 


RESPONSE 
TIME 


STIFFNESS 
(1/DEAD BAND) 


A 


Better 


Faster 


Decreases 


B 


Slightly better 


Faster 


Decreases 


K 


Worse 


Faster 


Increases 


t 


Worse 


Slower 


Decreases 
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DIGITAL COMPENSATION FILTER IMPLEMENTATION 

MC n = £ (X n ) - (MC n -l) + ^ (f) ( X n-1)] 

MCn = Present motor command output 
X n = Present (command position - actual position) 
MCn-1 = Previous motor command output 
[last sample time] 
X n -1 = Previous (command position - actual position) 
[last sample time] 
Used in position control, trapezoidal profile control, 
and integral velocity control modes 
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HCTL-1000 DIGITAL FILTER IMPLEMENTATION 



MC n = * (Y n ) 

MC n = Present motor command output 
Y n = Present (command velocity - actual velocity) 

Used in proportional velocity control mode only 
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HEWLETT PACKARD APPLICATION NOTE 1032 



■ For design of digital filter parameters 

■ System is modeled using S-plane (analog) 
design techniques 

■ Compensator is mapped into Z-plane (digital) 
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CONTROL MODES 



Ci- 



^3— 



Position 

Trapezoidal profile 



Integral velocity 
Proportional velocity 



la 
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POSITION CONTROL MODE 



Key features: 

■ Fastest movement between two 
points 

■ Programmable digital filter governs 
response 

■ 24-bit actual position register 

■ 24-bit command position register 
Typical applications: 

■ High performance printers and 
plotters 

■ ■ - 



o 



100 







r COMMAND POSITION 
/ (ROCH, R0OH, ROEH) 










c 






4 




J 


I 


> — ACTUAL POSITION 
(R12H, R13H, R14H) 

1 1 1 1 1 1 1 1 



So S, Sa S 3 S4 S$ S« S 7 S, S, 
SAMPLE TIME 
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TRAPEZOIDAL PROFILE CONTROL MODE 



Key features: 

■ Controlled point to point moves 

■ 24-bit final position registers 

■ 8-bit maximum velocity register 

■ 16-bit command acceleration 
registers 

■ Profile flag 
Typical application: 

■ Robot arm 



TRAPEZOIDAL HOVE 




POSITION 
TRIANGULAR MOVE 
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TRAPEZOIDAL POSITION/VELOCITY PROFILES 



i 

>■ 



16 
12 
8 
4 



M 

2 



220^ 
180 
160 




MAXIMUM VELOCITY (R28H) 



COMMAND ACCELERATION 
(R27H, R26H) 




FINAL POSITION 
(R2BH, R2AH, R29H) 



COMMAND POSITION - 
(ROCH, RODH, ROEH) 




ACTUAL POSITION 
(R12H, R13H, R14H) 



So Si &2 S 3 S 4 Sg S« S 7 St Ss S 10 Sn 
SAMPLE TIME 
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INTEGRAL VELOCITY CONTROL MODE 



Key features: 

■ Velocity control 

■ 16-bit command acceleration 
registers 

■ 8-bit command velocity register 

■ Catches up with desired position if 
stalled 

Typical application: 

■ X-Y table 



VELOCITY 
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INTEGRAL VELOCITY 
POSITION/ VELOCITY PROFILES 



16 



I 

>- 



12 - 
8 - 
4 - 



V 



COMMAND VELOCITY (R3CH) 



■ COMMAND ACCELERATION (R27H, R26H) 
J I 1 1 I I I I I I 




ACTUAL POSITION 
(R12H, R13H, R14H) 



1 



SoSiSjSjS»5iSeS7S,S) S 10 Sn 
SAMPLE TIME 
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HCTL-1000 STOP FLAG 

■ Available as external pin 

■ Used in integral velocity control mode only 

■ When set, motor is decelerated to stop 

■ Current value in command acceleration register is 
deceleration rate 
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PROPORTIONAL VELOCITY CONTROL MODE 



Key features: 

■ Fastest change in velocity 

■ Dynamics of system governs 
response 

■ 16-bit actual velocity registers 

■ 16-bit command velocity registers 

■ Returns to command velocity if 
stalled 

Typical application: 

■ Tape drives 



200 



& 
I 

>- 

o 

3 
in 
> 



100 




r COMMAND VELOCITY 
(R24H, R23H) 



ERROR 



ACTUAL VELOCITY 
(R35H, R34H) 



J L 



So Si S 2 S 3 S 4 S 5 Se S 7 Sj s« 
SAMPLE TIME 
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COMMUTATOR PORT 



limit rro» 



PM)T INtT 



TOSJTtOA- 
GINEAATO* 



- I r l tAM»LE I 
|j TIME ft | 



MOTO" 
COMMENT 

TOUT 



-MC, 
*MC, 



QUADRATURE 
Dt CODER 
COUWTER 
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HCTL-1000 RING COUNTER/REGISTER 



□ INDEX 




■ Ring register determines the number of encoder 
counts in a torque cycle 

■ Ring register value may be in full or 
quadrature counts 

■ Ring counter cleared by index pulse 

■ Ring = 16 
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BASIC COMMUTATOR OUTPUT 



INDEX 

PHASE A 
PHASE B 

PHASE C 
PHASE D 



I I 1 
-T ! ! 




1 


1 1 ! 






i ! 


t i 





1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
ENCODER COUNTS 



Ring = 16 
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TORQUE RIPPLE OF STEP MOTOR 
WITH BASIC COMMUTATION 



POSITIVE DIRECTION 
► 



~: l/vvwvvv\ 



ANGULAR POSITION 
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PHASE OVERLAP FEATURE 

□ INDEX 




4 PHASE 

3 TORQUE CYCLE MOTOR 



Ring = 16 
Overlap = 2 
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COMMUTATOR OUTPUT WITH OVERLAP 



INDEX 
PHASE A 
PHASE B 
PHASE C 
PHASE D 











J 






r 




L 








I 




"I 








I 




i 


~l 











1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

■ Ring = 16 

■ X = 2 

■ Y = 2 
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TORQUE RIPPLE WITH PHASE OVERLAP FEATURE 



TORQUE 



POSITIVE DIRECTION 
► 




ANGULAR POSITION 
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PHASE OFFSET FEATURE 



INDEX D OFFSET 




4 PHASE 
3 TORQUE 
CYCLE MOTOR 



Ring = 16 
Offset =-3 
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COMMUTATOR OUTPUT WITH PHASE OFFSET 

\-m ^OFFSET 

INDEX 
PHASE A 
PHASE B 
PHASE C 
PHASE D 



J 






1 














1 — r 








1 
1 




i 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 



Ring = 16 



— las 
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PHASE ADVANCE FEATURE 



PHASE 
ADVANCE 



INDEX 




DIRECTION 
OF ROTATION 



4 PHASE 

3 TORQUE CYCLE MOTOR 
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PHASE ADVANCE EQUATION AND GRAPH 



Advance 
Where At 

N 
V 



N v At 

16 (R19H +1) 
fexternal elk 
Encoder counts/rev 
Velocity (rev/sec) 



ADVANCE 




VELOCITY 

(REVOLUTIONS/SECOND) 



I I 



HEWLETT 
CKARD 



COMMUTATOR CONSTRAINTS EQUATION 



3 

-128 < (-) ring + offset ± max advance < +127 



86 



. .HEWLETT 



PACKARD 



STEPS FOR PROGRAMMING THE 
HCTL-1000 COMMUTATOR 

■ Configure status register 

■ Choose codewheel* 

— CPR or 4X CPR must be an integer multiple of: 

1) Motor steps per revolution OR 

2) Number of commutations per revolution 

■ Determine ring value* 

Ring register = ( Cc y CPR ) > 3 or 4 (integer value ) 

Where: Cc = Commutator count configuration 

(1 = Full counts, 4 = quad counts) 
CPR = Codewheel counts per revolution 
Tc = Number of torque cycles 
per revolution 

"Note: Higher ring values may increase motor performance 
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STEPS FOR PROGRAMMING THE 
HCTL-1000 COMMUTATOR (continued) 



■ Choose X and Y register values 

X = number of counts that one phase is active 
Y = number of counts that two phases are active 
(overlap) 

X + Y = Rm 9 

number of phases 

■ Check commutator constraints equation 

3 

-128 < g ""9 + offset ± max advance < 127 
Ring > -offset ± max advance 

■ Adjust offset register for optimum motor 
performance in both directions 

■ Check commutator constraints equation 
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ADVANTAGES OF USING THE HCTL-1000 



■ Makes closed loop system design easy 

■ "Frees-up" host processor's time 

■ Incremental encoder is the only feedback 
device required 

■ Four control modes available 

■ Internal, programmable digital compensation 
filter available 

■ Two amplifier outputs available 

■ Programmable commutator outputs available 



I I 
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USING THE HCTL-1000 
WITH POWER AMPLIFIERS 



HOST 




CONTROLLER 




















MOTOR 
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HCTL-1000 LINEAR AMPLIFIER CIRCUIT 

+ 5V 



4.64K 



HCTL-1000 

(LSB) MCO 
MC1 
MC2 
MC3 
MC4 
MC5 
MC6 

(MSB) MC7 



18 


12 


19 


11 


20 


10 


21 


9 


22 


B 


23 


7 


24 


6 


25 


5 






MOTOR 



POWER AMP 



i I 
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HCTL-1000 BIPOLAR 
PWM AMPLIFIER CIRCUIT 



UDN-2935Z 



UDN-2950Z 




+VmOTOR °- 



SIGN o £x- 

1/6 74LS14 
PULSE o £>o 



1/6 74LS14 

DC MOTOR 

■ VMOTOR < 35 VOLTS 

■ IMOTOR < 2.0 AMPS 



'motor 
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H-BRIDGE INTERFACE FOR 
D.C. BRUSH MOTOR 




OUT, 



UONM52B 



OUT, 



10 j4js i l2M3 l 6 | J I 7 ' 



.OCKWISE \ 



B, £ .ID <2W) 
4 



'I 7 I »l 



Vcc 
MEDS-SOOC 



|3 je 



VMOTOR < 40V 

IMOTOR < 2A. IMOTOR IS CURRENT LIMITED BY Ri 
UDN-2953B IS RECOMMENDED FOR NEW DESIGNS 



I I 
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PACKARD 



D.C. BRUSHLESS MOTOR HCTL-1000 
COMMUTATION 





FIRING SEQUENCE FOR COUNTERCLOCKWISE TOROUE/HOTATION 



STEP 

|" 


ELECTRICAL 
ANOULAR POS 

270- 


MCTU-1000 
PHASE HIQM 

* 


PHASE A 
(BROWN) 

Z 


PHASE B 

. .. PS| ._ 

M 


PHASE C 
(ORANOE) 

z 


PHASE 

(YELLOW) 

L 


1 


110- 


B 


H 


I 


L 


I 


1 


*>• 


C 


Z 


L 


I 


M 


4 


0* 


D 


L 


1 


H 


Z 



FiniNO SEQUENCE FOR CLOCKWISE TORQUE ' ROTATION 



STEP 

r 


ELECrWCAL 
ANOULAR POS. 

o - 


MCTL-i66o" 
PHASE man 

B 


PHASE A 
(BROWN) 

H 


PHASE ■ 

(RED) 
Z 


PHASE F " 
(ORAHOE) 

L 


PHASES 

(YELLOW) 

z 


i 


«r 


* 


Z 


M 


Z 


L 


i 


180' 





L 


z 


H 


Z 


4 


270- 


c 


Z 


L 


Z 


L 



FIRINQ 
OPPOSI 
•TCP 


SEQUENCE FOR C 

JO COUNTERCLO 

tLECTRICAL 
AnoulAR POS 


LOCKWISE R 
CKWISE TORC 

HCTL-iobo 
PHASE HfOM 

D 


JTATION WIT 
IUE 

PHASE A 

(BROWN) 


" PHASE B ~ 

{«">) 


PHASE C 

(ORANOf) 

H 


PHASE 

(YELLOW) 

z 


1* 


»• 


L 


z 


1 


so- 


c 


Z 


L 


Z 


M 


3 


in 1 


B 


H 


Z 


L 


Z 


4 


270' 


A 


Z 


H 


Z 


L 



FIRING SEQUENCE FOR COUNTERCLOCKWISE ROTATION WITH 
OPPOSING CLOCKWISE TORQUE 



STEP 


ELECTRICAL 
ANOULAR POS. 


HCTL- 10(10 
PHASE MIOH 


PHASE A 

(BROWN) 


PHASE B 

(RED) 


PHASE C 

(OflANOE) 


PHASE 

(YELLOW) 


f 


270 - 


c 


z 


L 


z 


M 


1 


180* 





L 


Z 


H 


z 


1 


M" 


A 


Z 


H 


Z 


L 


4 


0* 


B 


H 


Z 


L 


Z 



•STFP 1 IS THE FIRST STEP FOLLOWING THE ACTIVE EOOE OF INDEX (OFFSET ■ 0) 

H . OUTPUT SOURCE 
L • OUTPUT SINK 
Z . HIGH IMPEOANCE 




ELECTRICAL 
ANGULAR POSITION 




ClOCXWISE ROTATION 



™«ij~LrLru 
-■"i_ri_rLn_ 

rounrcRciocicwisE 

c "«nJ~LTLn_ 
"■T-TLTLnj 



note. 

encooer installation procedure 

1 install and phase encoder per heos 60 
data sheet drive shaft with 

o.c. irush motor. 

2 allow htv to cure. 

1 energize phase d id' high ■' low) and 
reposition codewhfel on shaft with 
indfx window over the holes in 
the phase plate 



REGISTER CONFIGURATION 


REOISTER 


CONSENTS 


COMSPYNrS 


07H 


07H 


SIGN REVERSAL INHIBIT 
4 PHASE 
FULL COUNTS 


18H 


80H 


RING s 98 


19H 


00H 


VELOCITY TIMER . 


IAH 


18H 


X > 24 


1BH 


00H 


Y » 


1CH 


ACH 


OFFSET . -84 
-96 < OFFSET 4-17 


1FH 


00H 


MAX ADVANCE . 



5 H-BRIDGE INTERFACE TO DELTA-WOUND BRUSHLESS MOTOR USING COMMUTATOR 
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STEP MOTOR SYSTEMS 



OPEN LOOP STEP SYSTEM 



X 



< To: 



CLOSED LOOP HCTL-1000 STEP SYSTEM 







ten 


m » 




PHI 




wt 


e* a 




at t 






fH 




IlfPf WOT tlfCTWC i~ 
HO ini MM1FC01 / 
IMF HOTOH / 



BASIC REftlSTER CONFIGURATION 



HFOI1IFH 


CONTfNT* 


07H 


01H 


1SH 


2«H 


19H 


OOH 


t AM 


AH 


1BH 


OOH 


tCH 


1 AH 


1FH 


OOH 



SIGN REVERSAL INHIBIT 
4 PHASE. OUAD COUNTS 

RING » 40 

VELOCITY TIMER . 
X . 10 
Y ■ 

OFFSET » ?« 
MAX ADVANCE . 



OPTIMIZED REGISTER CONFIGURATION 


RE OlSTFR 


CONTFNIA 


CHMfclFNTS " " 


I9H 


•OH 


VELOCITY TIMER « I2» 


IFH 


20H 


MAX ADVANCE • 40 




ELECTRICAL ANGULAR POSITION 




CLOCKWISE ROTATION 
CH 



«T_n_n_ru 
"■"ij~LrLn_ 

COUNTERCLOCKWISE 

c ""~i_rLTLrL 
"■i_ri_rLnj 



NOTES 

ENCODER IHSTAILATION PROCEDURE 
t. INSTALL AND PHASE ENCODER PER 

HERS 6000 DATA SHEET. 

ALLOW RTV TO CURE 
>. ENERGIZE IHCTl 1000) PHASE DfllTI 

AND REPOSITION COOfWI'EEL ON SHAFT 

SO THAT INDEX PULSE IS ACTIVE. 

TIGHTEN CODEWHEEL 
3. VARY OFFSET REGISTER FOR THE IEST 

PERFORMANCE IN IOTH DIRECTIONS 



TIRING SEQUENCE FOR COUNTERCLOCKWISE TORQUE / nOTAT ION 


STEP 


ELECIRlCAr. 

angular 

POS 


NCtL 1000 
PHASE HIGH 


PHASE X 

|HEU| 


PHASE I 

(REO'WHUE) 

- 


PHASE T 

(GREEN) 


PHASE Y 
(OfFFN. WHITE) 


1 ' 


_ 270' 


A 


C 




L 


z _ 


2 


180* 


Et 


L 


z ' 


Z 


L 


3 


90 * 


e 


1 


L 


t 


t 


4 


o- 


D 


1 


L 


I 


Z 



CO 



FIRING SEQUENCE FOR CLOCKWISE TORQUE /ROTATION 






STEP 


ELECTRICAL 
ANGULAR 
POS 


HCTL 1000 
PHASE HIGH 


PHASE X 

(BED) 


PHASE X 

(RED/WHITE) 


PHASF t 

(GREEK) 


PHASE Y 

(QBE EN / WHITE) 


i* 


O' _ 


B 


j L 




i 


L 


j 


9XT 


A 




i 




Z 


3 


t80' 


D 


i 


L _2 


i. 


z 


4 


370* 


C 


z 


L 


i 


L 



FIRING SEQUENCE FOR CLOCKWISE ROTATION WITH OPPOSING 
COUNTERCLOCKWISE TORQUE 


STEP 


FLECTRICAt 
ANGULAR 

PUS 


HCTL 1000 
PHASE HIGH 


PHASE X 

(RED) 


PHASE Y 

(BED. WHITE) 


PHASE T 

(GREEN) 


PHASE V 

(GREEN/WHITE) 


r 


i«" 





Z 


" i 


i 


z 


J 


90* 




z 


, L' 


z 


L 


3 


ISO* 


1 


I 


i 


z 


t 


4 


270- 


A 


L 


z 


L 


Z 



FIRING SEQUENCE FOR COUNTERCLOCKWISE ROTATION V 


YITH OPPOSING 


CLOCKWISE TORQUE 










STEP 


ELECTRICAL 
ANGULAR 
POS 


HCTL 1000 
PHASE HIGH 


PHASE X 

(RED) 


PHASE X 

(RED' WHITE) 


PHASE 1 

(GREEN) 


PHASE ? 

(OREEN r WHITE) 


r 


270" 


~_c _~ 


L ? ~ 


L _ 


i 


L 


2 


1«0* 


D 


z 


L _ 


L 


Z 


3 


90* 


A 


L 


i 


U 


Z 


4 


0* 


■ 


L 


z 


i 


L 



•STEP I IS THE FIRST STEP FOLLOWING THE ACTIVE EDGE OF INDEX (OFFSET . 0) 

L - OUTPUT SINK 
Z =. HIGH IMPEDANCE 



5 INTERFACE TO 2 PHASE ON STEP MOTOR 
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USING THE HCTL-1000 
WITH MICROPROCESSORS 




HOST MICROPROCESSOR INTERFACE 
BLOCK DIAGRAM 



ADDRESS 
OUTPUTS 

HOST 

MICRO- 
PROCESSOR 

DATA 
BUS 

R/W 






SELECT r 
INPUTS 1 

2 

DECODER 




ALE 

CS 

OE 

HCTL-1000 

ADDRESS/DATA 
BUS 

R/W 




D—C 


/ 
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HOST MICROPROCESSOR 
PROGRAM SEQUENCE 



WRITE STEPS 

1. Store address data 

2. Store register data 

READ STEPS 

1 . Store address data 

2. Select READ operation with CS 

3. Read valid register data 
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FIBER OPTIC 



APPLICATIONS 
SEMINAR 



•MMHHIMHIMHMHMnMIMHW^ 



APPLICATIONS LAB EUROPE 



HEWLETT 



FIBER OPTIC FUNDAMENTALS 

AND 

SYSTEM COMPONENTS 



LIGHTGUIDE PROPERTIES AND LOSS MECHANISMS 
CORE/CLADDING 
NUMERICAL APERTURE 
ATTENUATION 
INDEX GRADING 
DISPERSION 

FIBER OPTIC COMPONENTS 
CABLE 

FIBER CONNECTIONS 

TRANSMITTER 

RECEIVER 



SNELL'S LAW 
n-isin0i = ri2sin02 



FROM SNELL'S LAW 
FOR 2 = 90° 



sinflc = 



n 2 



Oc = CRITICAL ANGLE 



n 2 




TOTAL 
\ REFLECTION 



PARTIAL /\ 



\ REFLECTION 



INDEX OF REFRACTION 
RATIO OF SPEED OF LIGHT 
IN FREE SPACE AND IN A MEDIUM 
C 



v 

HIGHER n = SLOWER SPEED OF LIGHT 



DEFINITION: NUMERICAL APERTURE = SIN On 

N.A. IS ALWAYS LESS THAN 1 




CLADDING 



'0HOIYT 



•AXIS 



0LOM 



CORE 



HIGH ORDER MODE 
RAYS PROPAGATE AT 
LARGER ANGLE RELATIVE 
TO THE FIBER AXIS 



LOW ORDER MODE 

0HOM > 0LOM 



TRAVEL TIME = x/v v = c/n 



c = VELOCITY OF LIGHT IN SPACE = 0.3 m/ns 
n = INDEX OF REFRACTION OF CORE MATERIAL 




SLOWER FASTER PATH PATH 



VELOCITY SPREAD PATH-LENGTH SPREAD 



MATERIAL DISPERSION 



MODAL DISPERSION 



PROPAGATION TRAVEL TIME OVER THE LONGER PATHS OF 
HIGHER ORDER MODES PARTLY COMPENSATED BY HIGHER 

VELOCITY IN OFF-AXIS REGION 




AXIAL MODE 



MERIDIONAL MODE 



GRADED-INDEX — REFRACTIVE INDEX VARIES SMOOTHLY DOWNWARD FROM 

AXIS TO OUTER SURFACE 




(iu>|/gp) uojjenudUB \eo\6Ai 

■ - •-. ■ - ■ '• 

; — : — 
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Phnctpt* 



Radiating 
Characteristics 



Spactral 




live zone 






vacti 



iv« zone 




8G0 jlnmJ 



Jul. 

830 836 640 Unm) 



Curve 

Characteristics 








P< 


» 




1 


^^^^^^^^^^^^^^^^^^^^^ 


- .. — . ~ ~. - •rx. 
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FIBER OPTICS CABLE 



• FUNCTION 

— TO PROVIDE A TRANSMISSION MEDIUM FOR OPTICAL SIGNALS 

• ATTRIBUTES 

— WIDE BANDWIDTH 

— LOW LOSS 

— UNSUSCEPTIBLE TO RFI/EMI 

— NO EMI/RFI EMISSIONS 

— LIGHT WEIGHT/SMALL SIZE 

— MECHANICALLY RUGGED 

— LOW INSTALLATION COST 



COMMON TYPES OF OPTICAL FIBER 
(CORE/CLADDING) 



GLASS/GLASS 
GLASS/PLASTIC (PCS) 
PLASTIC/PLASTIC 



CORE 



CLADDING 



BANDWIDTH vs. ATTENUATION 

FIBER TRANSMISSION PARAMETERS 
(AT X = 825 nm) 




1 10 100 1( 

BANDWIDTH - DISTANCE (MHz-km) 



CABLE CONSTRUCTION 



BLACK 
POLYURETHANE 
OUTER JACKET 
STRENGTH 
MEMBERS 




BUFFER JACKET 

SILICONE COATING 

CLADDING 
AND CORE h OPTICAL FIBER 




PLASTIC TUBE 



COATED FIBER LIES LOOSELY WITHIN TUBE 



FUSION SPLICING PROCESS 



POSITIONING ELEMENTS 
_/ \ . 



BARE FIBERS 



FIBER POSITIONING 



OPTICAL FIBRE 



PRE-FUSION 
-0.3 SEC 

SECONDARY FUSION 
~5 SEC. 

SPLICED FIBER 




1 1 A 



o 

111 

o 

z 

LU 
X 
Q. 

H 

LU 



— 
< 

LL 

LU 

CO 



/ r 1 



r 1 / 



O 
Z 

LU 
X 

o 



X 
Q 



< 
—i 

o 



LU 

cr 
o 
o 



N 



o 

2 

LU 
X 

LU 
X 

o 

LL 
LU 

m 



1 

LU 
X 

X 
LU 

»- 

LL 
< 



COUPLING LOSSES 



1.c* NA (dB) 



2- «AREA( dB ) 




NA-, NA 2 A 
LOST OPTICAL POWER 



LOST OPTICAL POWER 



52 



NA LOSS 



AREA LOSS 



NA 1 

°NA = 20log — 



D 1 



COUPLING LOSSES (continued) 



3. "index (dB) 

GRADING 



HIGH g 




n 




SOURCE 


RECEIVER LOST 




OPTICAL 




POWER 






^^^^^ 












STEP INDEX 


GRADED INDEX 


HIGH g 


LOWg 



LOW 



INDEX GRADING LOSS =a|= 10 log 



( 1 + 2/g R \ 
\1 + 2/g s / 



INDEX GRADING COEFFICIENT = g 
g R - RECEIVING FIBER 
g s - SENDING FIBER 



COUPLING LOSSES (CONTINUE) 



FRESNEL ( dB ) 




A TYPICAL DESIGN EXAMPLE 



HFBR-1201 
TRANSMITTER 



«CR- 




OPTICAL POWER 
P T AVAILABLE 



HFBR-2201 
RECEIVER 



II 


■< 


100/140 /t m CABLE 

f 


+■ 




P n OPTICAL POWER 
REQUIRED 



O 



OPTICAL POWER BUDGET EQUATION: 
OPBsys (dB) >Iai (dB) + OPM (dB) 
Pj — Pr > a TC + a CR +ot f + OPM 



GIVEN IN DATA SHEET 
INCLUDED 

a TC 
-16 dBm 



GIVEN IN DATA SHEET 
INCLUDED « CR 
-25.4 dBm 



9.4 dB >a f + 



1 3 1 



o 



DC 



DC 



LL £ 

T OC 

LU Q. 

CD 



O 
OS 

LU 

= 2 



CO 

o 
o 



o 

Q. 

o 

o 



h- 

1- 
u 
_i 

LU 

I 



□ 

< 
u 



5! 





STEP 2 




• Dual-in-Line Package 

• Auto Insertable 

• Wave Solderable 

• No Mounting Hardware 

• Direct Interface to Industry 
Standard SMA Style Connector 



Ik 



- HEWLETT 
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RELATIVE EFFICIENCY OF LED EMITTERS 



,.W/mA 



P T 100/140 N.A. = 0.3 



3.25 



182 



195 



1.82 




1.18 



25.1 



70.8 



HFBR HFBR HFBR HFBR HFBR HFBR HFBR HFBR 
1202 1204 1402 1404 1202 1204 1402 1404 



RELATIVE SPEED OF LED EMITTERS 




11 
nsec 



4 

nsec 



4 

nsec 



17 
nsec 



10 
nsec 



10 
nsec 



6 

nsec 



8 

nsec 



8 

nsec 



HFBR HFBR HFBR HFBR HFBR HFBR HFBR HFBR HFBR 
1204 1402 1404 1202 1402 1404 1202 1402 1404 



APPLICATIONS FOR MINIATURE 
FIBER OPTIC COMPONENTS 

• Data Distribution in 
Computer Backplanes 

• CPU to Disc Interface 

• Point to Point Data Links 

• Manufacturing Area Networks 

• Analog Video Links 



RECOMMENDED SUPPORT CIRCUITS 
FOR THE 0400 COMPONENTS 

INCLUDE: 

• Improved TTL Compatible LED Drivers 

• Single +5V Power Supply Receivers 

• Circuits Suited to the Transmission of 
Baseband Analog Signals 



D.C. TO 30 MBd LED DRIVER 



TTL IN > 




<+5V 



HFBR-1402/4 



DESIGN RULES 
R1 = V ",- VF 



FEATURES: 

(1) No If peaking required 

(2) Functions to lp > 70 mA 



WIDE DYNAMIC RANGE 35MBd RECEIVER 




ANALOG VIDEO TRANSMITTER 




+ 8.5V 



ANALOG FIBER OPTIC RECEIVER 




RECEIVER BANDWIDTH = 



1 

Ri R2 
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CD 



03 
CO 








o 



CO 
03 

Q_ 





O 

~ o 

Q_ ^ 

O o 





IK C 

2 iE o 






Advantages of Plastic Fiber Optics 

• Low Cost 

• No EMI/RFI Radiation 

• Use in FCC/VDE Regulated Systems 

• Data Security 

• High Voltage Isolation 

• Intrinsically Safe 

• Easy to Connector and Install 
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Versatile Link Connector Options 



Simplex Connector 



Ml t 



tt+f 



.-Si 



Latching Simplex Connector 

& 



i 
i 

i 

i — 



i 

■i 



Duplex Connector 



=0 



4> 



fe LlAJ. 



II I I 

jc^j. -Li 



Horizontal Package 



Vertical Package 



Horizontal Packages 



All connector types can be used with both horizontal and vertical 
naekane Ivdpr ^ 



Versatile 



High Performance 

High Performance 

Standard 

Photo-interrupter 

Low-Current (6 mA) 
Extended-Distance 

Evaluation Kit 



Link Products 



Guaranteed Typical 
Data Distance (m) Distance (m) 
Rate 0- 70° C 25° C 









5 MBd 


17 


48 


1 MBd 


34 


76 


1 MBd 


7 


40 


500 KHz 


NA 


NA 


40 KBd 


11 


69 


40 KBd 


82 


152 


1 MBd 


7 


40 
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Transmitter Design Considerations 



5MBd and Low Current / 
Extended Distance Links 



DATA 




BDBBI 



Ri = 



Vcc-Vf 
If 



1MBd and Photo-Interrupter Links 



DATA 




Ri Ci >75ns Ri= 



Vcc-Vf -Vol 
If 



00 



HFBR-15X1, 15X3 



HFBR-15X2, 15X4 



. Vcc= + 5V, Vf= + 1.67V, Vol = + 0.25V typical 

• If determined by link length and optical losses in transmission path 

• Ci extends dynamic range of 1MBd link by lengthening the fall time of 
the optical waveform. 

ii 1 ^ 



FUSION SPLICING 



ADVANTAGES 

— LOW LOSS (TYP -0.1 dB) 

— CLEAN 

— EASY TO USE 

— LITTLE TRAINING REQUIRED 

DISADVANTAGES 

— REDUCTION OF TENSILE STRENGTH IN FUSED FIBER 

— ELECTRIC ARC MAY BE A HAZARD IN HOSTILE ENVIRONMENT 

— HIGH PRICE OF SPLICE KIT ($2,000-$10,000) 



NON-FUSION SPLICING 



THERMAL SHRINKING TUBE 

Z: OPTICAL FIBER (O.F.) 



GROOVED SUBSTRATE 

— PRESSING CAP (PC.) 




3-== — O.F. 



^ GROOVED SUBSTRATE (G.S.) 



PRECISION PIN 




ALIGNMENT PINS 
HEAT SHRINK TUBE 



V-GROOVE 

' OF =3 P.C. 

i — ^0 — I 

I =J G.S. 



GLASS SLEEVE 



COMPARISON BETWEEN FUSION AND 
NON-FUSION SPLICING 



SPLICE INSERTION LOSS 

SIGNIFICANT REDUCTION 
IN TENSILE STRENGTH? 

SKILLED OPERATOR REQUIRED? 

COMPLEXITY OF PROCEDURE? 

POTENTIAL HAZARD? 



FUSION NON-FUSION 

0.1-0.2 dB 0.2-0.4 dB 

YES NO 

NO YES 

LOW MODERATE 

YES NO 



MECHANICAL CONNECTION 



COATED 
FIBER 

/ 



RECEPTACLE 



/ 



\ 

PLUG 




IDENTICAL 
CONNECTORS 



ADAPTER 



SMA THREAD STYLE 



FIBER BUFFER JACKET 
39 mm 




STRENGTH MEMBERS 

BETWEEN CRIMP SLEEVE AND CONNECTOR BODY 




CONNECTOR BODY 



MEMBERS 



FIBER OPTIC CONNECTOR ASSEMBLY 

SUMMARY 



CUT CABLE, 

STRIP OUTER JACKET 1 min. 

& TRIM STRENGTH MEMBER 

APPLY MECHANICAL SUPPORTS, 
CRIMP SLEEVE AND 
CRIMP SUPPORT SLEEVE 



STRIP AND CLEAN FIBER 



MIX EPOXY AND 



LOAD INTO FERRULE. 
ASSEMBLE CONNECTOR, 
CURE EPOXY 



TRIM EXCESS FIBER 
AND POLISH 



TEST 




2-5 min. 



c C 



■ 



HFBR-4501/4511 CONNECTOR 



F.O. CABLE 



/ 



L 25.4 mm 
(1 in.) 



D 



METAL 
CRIMP RING 



PLASTIC 
BODY 



:::;] 



'SNAPS-IN' TO HFBR-150X/250X 
TRANSMITTER/RECEIVER MODULES 



HFBR 4505/4515 BULKHEAD/FEEDTHROUGH 



< — nrjD 



30 mm 
(1.2 in.)' 



CAN ALSO BE USED FOR SNAP-IN, IN-LINE CONNECTION 



EASY AND FAST CONNECTORING 



• STRIP CABLE JACKET 




• SLIDE CRIMP RING ONTO CONNECTOR 



• SLIDE CONNECTOR WITH CRIMP RING 
OVER FIBER END 



• WHEN RING IS CRIMPED, CABLE JACKET 
MATERIAL FLOWS INTO GRIP HOLES TO 
ENSURE STRONG ATTACHMENT 



• FINISH CONNECTOR END WITH 600 GRIT 
PAPER AND POLISHING TOOL 



FIBER OPTIC SYSTEM DESIGN 



DESIGN CONSIDERATIONS 

SYSTEM INSERTION LOSSES 

OPTICAL POWER BUDGET EQUATION 
OPTICAL POWER MARGIN 



1 



SYSTEM OPTICAL POWER BUDGET 

PT (dBm) = OPTICAL POWER AVAILABLE FROM TRANSMITTER 
Pr (dBm) = OPTICAL POWER REQUIRED BY RECEIVER 

OPBSYS (dB) = SYSTEM OPTICAL POWER BUDGET = Pj - Pr 



TRANSMITTER 





RECEIVER 



P(dBm) = 10log XfcwL CONVERSION FROM 
v ' M 1000 fi\N /tw to dBm 
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Receiver Design Considerations 



5MBd & 1MBd Links 



Low Current/Extended Distance 



IT 



4 

5l_T 



i 



-O +5 V 



O +5 V 



0.1uF 



-O DATA 




L-O DATA 



HFBR-25X1, 25X2, 25X4 



HFBR-25X3 



• Receiver supply leads should be bypassed with a 0.1 uF ceramic 
capacitor. 

• For minimum rise time of HFBR — 25X3 add an external pull-up 
resistor of at least 3.3K ohms. 



Connectoring 



7mm 




1) Strip 




« 1.5 mm 

Minimum 



3) Crimp 




Silver-Color 
Crimp Ring 

2) Insert 



Polishing 
fixture 




Polishing Paper 

4) Polish 



o 



MBWWIII -: 



rtfo 
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OPTOCOUPLER 



APPLICATIONS 



SEMINAR 



OPTOCOUPLER 
PARAMETERS 

• REASONS FOR OPTOCOUPLER APPLICATIONS 

• FUNDAMENTAL OPTOCOUPLER CHARACTERISTICS 

• OPTOCOUPLER ISOLATION QUALITIES 



WHY USE OPTOCOUPLERS 



MEDICAL 

(X-RAY 

DIATHERMY) 



OTHER 

DATA 

TERMINAL 



RESTAURANT 
(DISHWASHER) 



. . o : J 

v-\? 




DATA 
TERMINAL 



ELECTRIC 
WELDING 



OFFICE 
MACHINERY 




COMPUTER 
MAIN FRAME 



PARKING 
(AUTO IGNITION) 



CROSSTALK INTERFERENCE 
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COMMON MODE SIGNAL/GROUND LOOP 

ISOLATION 



rwvh' 



1? S 



HI v cm >v 



FLOATING 

SIGNAL 

SOURCE 



rVvVf-H 

©." ! 



i_€._j- 



Vcm > V 



FLOATING 
LOAD 



REMOVAL OF COMMON MODE 
INTERFERENCE 




GROUND BONDING BUS 
REDUCES VOLTAGE 
DIFFERENCE IF Z CM 
IS HIGH ENOUGH 




A TRANSFORMER WITH 
FARADAY SHIELD WILL 
BLOCK AC AS WELL AS DC 
BUT COUPLES ONLY AC 




V C M 



A CAPACITOR WILL 
BLOCK DC COMMON 
MODE VOLTAGE, 
BUT COUPLES ONLY AC 









— 4 








' — (y) — 


>- 











A RELAY BLOCKS BOTH 
AC AND DC, 
BUT COUPLES ONLY 
SLOW DIGITAL DC 



DIRECTLY COUPLED HIGH SPEED 

TECHNIQUES 



DIFFERENTIAL 
LINE RECEIVER 




EXTREMELY 
FAST, BUT 
HAS LIMITED 
V C m AMPLITUDE 
TOLERATION 



OPTOCOUPLER 

- PHOTOTRANSISTOR 




TOLERATES 
H3GH-AMPLITUDE 
V C M, BUT IS 
RELATIVELY 
SLOW DUE TO 
MILLER EFFECT 



OPTOCOUPLER 
— PHOTODIODE PLUS 
AMPLIFIER 




TOLERATES 
HIGH-AMPLITUDE 
Vcm, AND ALLOWS 
HIGHSPEED 
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PRINCIPAL OPTOCOUPLER 
CHARACTERISTICS 




Vcm 



• ISOLATION 

• INSULATION 

• SPEED 

• PACKAGE COUPLING 

• GAIN 



SPEED 



PROPAGATION DELAY 



TEST CIRCUIT 




r-E 

E 



1 



3 

3- 



-0 + 5V 



Rl 

t — o V 



MONITOR < 10012 



~C L = 15 pF 



SPEED LIMITATION 



SYMBOL RATE (BAUD) = 



SYMBOL RATE (BAUD) = 



1 



, ARBITUARY DATA FORMAT 



IPROP t Pn0P - LONGEST PROPAGATION DELAY 
OR 



D 



, ENCODED DATA FORMAT 



100 I Iplh - IPHL I ©ACCEPTABLE °/o DISTORTION (D) 



PACKAGE COUPLING 



OPTOCOUPLER 



-)r 



10 




GROUND 

LOOP 
CURRENT 




Z 



V C M 



WITH V C M = 220 VRMS AT 60 Hz, 
GROUND LOOP CURRENT <120 nA 



GAIN 



CURRENT TRANSFER RATIO 




O v cc 



(100%) 



ISOLATION 




V C M 



DIGITAL ISOLATION 

CMh = COMMON MODE TRANSIENT IMMUNITY 
@ LOGIC HIGH LEVEL OUTPUT (V//is) 

CMl = COMMON MODE TRANSIENT IMMUNITY 
@ LOGIC LOW LEVEL OUTPUT (V/^s) 

ANALOG ISOLATION 
CMR = COMMON MODE REJECTION (dB) 



ENHANCED COMMON MODE TRANSIENT 

IMMUNITY 



— Wv — | lpr ^ | 




OV cc 



INTERNAL SHIELD 
Ccm a 0.007 pF 

NO INTERNAL SHIELD 
C C M a 0.07 pF 



I - J " 



V CM 
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OPTOCOUPLER FAMILIES 



WHY SO MANY DIFFERENT OPTOCOUPLERS ? 



ANALOG < > DIGITAL 



HIGH GAIN < > HIGH SPEED 



TRANSISTOR OUTPUT 



< > TTL OUTPUT 



SINGLE CHANNEL < > MULTIPLE CHANNEL 



CURRENT LOOP INPUT < > LED INPUT 



PLASTIC PACKAGE < > HERMETIC PACKAGE 



J.W. 25J0.87 



LOW CURRENT 
OPTOCOUPLERS 



TYPES/DIFFERENCES/TRADEOFFS OF 
OPTOCOUPLERS 

COMMON LOW CURRENT OPTOCOUPLERS 
APPLICATION AREAS 

HEWLETT-PACKARD LOW CURRENT 
OPTOCOUPLER PRODUCTS 

APPLICATION CIRCUITS WITH PERFORMANCE 
INFORMATION 
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GAIN-SPEED TRADEOFF 




LOW CURRENT OPTOCOUPLER 
SELECTION GUIDE 



PART # 


If (mA) 


SPEED (Bd) 


TYPE (PHOTODIODE - XX) 


4N46 




1k 


DARLINGTON 


6N139 




20k 


SPLIT-DARLINGTON 


HCPL-2731 


0.5 


10k 


DUAL SPLIT-DARLINGTON 


6N140 




10k 


QUAD SPLIT-DARLINGTON 


HCPL-2300 




5M 


LOGIC IC 


4N45 


1.0 


1k 


DARLINGTON 


6N138 




30k 


SPLIT-DARLINGTON 


HCPL-2730 


1.6 


30k 


DUAL SPLIT-DARLINGTON 


HCPL-2200 




2.5M 


LOGIC IC 
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PHOTODIODE — SPLIT-DARLINGTON 



He 



ANOOE o ==-. I 

^ I~ ^ ^1 

CATHOOE o 1 I f^T 



'cc 



| 

I 
I 

6N138/9 



Jcc , B 
°M:c 



< 



-ov„ 



-O GND 



HCPL-2730/1 



-oH) 



-OQND 



2 O- 



.10- 



6 O 1 

5(> 1 





i. 



•cc 



J0i_ M 
OV„, 



" 13 

°V„ ; 



" 12 

ov„. 



ov„, 



10 

OCND 



6N140 



100 



j 
I 



10 - 



0.1 



I I I I I 



1 I I I I II I 1 Mill 

Im. (0.5mA) 
\ 

\ 

\ 

lp HL (1.1mA) \ 
\ 



— I i i hum 1 i i 1 1 1 ti 

6N139 - 
T» =1S'C. V tH = 1.5V. Vol ^0.4V 

(l F »0.5mA\ / 1 F «t.6mA\ 
R L = 5.9kll / ^B L = 2.37knj 

CRT> f 100*, l F = 0.5mA 

CRT > 1 500H, l F = 1.5mA 




/ lp L H (0.5mA) 



Ipih(1 «mA) f 

I 
I 
I 

i i i i inn i i i i iii i i i i 1 1 1 1 ii i i ii i mi i i i i mi 



IK 



10K 



100K 



1M 



10M 



6N139 




Rb — OHMS 



LSTTL/CMOS INTERFACE 



6N139 



•O +5V 



JITLT 




innr 

'max = 



fMAX IS THE FREQUENCY AT WHICH A 50% DUTY FACTOR AT 
THE INPUT IS DEGENERATED TO 10% or 90% DUTY FACTOR 
AT THE OUTPUT. 



PHOTODIODE 



O V cc 




OGND 



SHIELD 



TRUTH TABLE 
(Positive Logic) 



Input 


Enable 


Output 


H 


H 


Z 


L 


H 


z 


H 


L 


H 


L 


L 


L 



HCPL-2200 



LOGIC IC 




SHIELD 



o v r 



v cc 

1000 n 8 
-Vv\ o R L 

7 



TRUTH TABLE 
(POSITIVE LOGIC) 



O GND 



INPUT 


OUTPUT 


H 


L 


L 


H 



-J 



HCPL-2300 



10 



TTL/LSTTL TO TTL/LSTTL INTERFACE 



Vcci 
(+5V). 



DATA 
INPUT 



TOTEM 
POLE 
OUTPUT 
GATE 



120 pF 
(OPTIONAL) 



_li C 

T HCPL-2200 




VcC2 
(+5V) 

DATA 
OUTPUT 



,*'*\ UP TO 16 LSTTL 
LOADS 

OR 4 TTL LOADS 
-O 



-o 




-4 
oo 



THE 120 pF CAPACITOR MAY BE OMITTED IN APPLICATIONS WHERE 
500 ns PROPAGATION DELAY IS SUFFICIENT. 



28 



TTL/LSTTL/CMOS TO TTL/LSTTL/CMOS 

INTERFACE 



OUTPUT 



HCPL-2300 

i 

, ^ 



INPUT 



> V 




Vdc 


Vcci 
V DC 


R| 

kS! 


kS! 


VCC2 

Vdc 


5 


5 


6.19 


1 

(INTERNAL) 


5 


10 


10 


14.7 


2.37 


10 


15 


15 


21.5 


3.16 


15 



•SCHOTTKY DIODE (HP 5082-2800, OR EQUIVALENT) AND 20 pF CAPACITOR 
ARE NOT REQUIRED FOR UNITS WITH OPEN COLLECTOR OUTPUT. 



20 MBAUD HIGH CMR 
LOGIC GATE OPTOCOUPLER 




CATHODE 



TRUTH TABLE 
(POSITIVE LOGIC) 



INPUT 


ENABLE 


OUTPUT 


H 


L 


L 


L 


L 


H 


H 


H 


Z 


L 


H 


Z 



9.40 (.370) 



9.90 (.390) 

Ei ft ft 



2400 



YYWWw 



PIN 
ONE 



TYPE NUMBER 
DATE CODE 




6.10 (.240 ) 
7.36 (.290) 6.60 (.260) 
7.88 (.310) 



- UL | 
l^i L^J RECOGNITION 



1.78 (.070) MAX. 



1.19 (.047) MAX. 



DIMENSIONS IN MILLIMETRES AND (INCHES) 



r 

0.76 (.030) ' 
1.40 (.055) L_ 



t 

I 4.70 (.185) MAX. 

1 I 



L 



0.51 (.020) 
MIN. 



1 2.92 (.115) MIN. 

•*—0.65 (.025) MAX. 

2.28 (.090) 



2.80 (.110) 



1 


Vcc 


3 


2 


ANODE V E 


7 


3 


CATHODE V 


6 


E 


GND 


3 



00 

o 



SERIAL APPROACH 



A/D 

ANALOG IN-H CONVERTER 
WITH 
SERIAL 
OUTPUT, 
ADC803 



CLOCK 



SERIAL DATA 



STATUS 



CONVERT CMD 



FLOATING" SIDE 






END OF CONVERSION 





SHIFT 
REGISTER 
(SIPO) 




12 
BITS 



CLK 



LATCH 



START 



"GROUNDED" SIDE 



12 BITS 



INPUT TTL COMPATIBILITY 



V CC1 = +5 V 



30 pF HCPL-2400 




DATA 
OUT 



(e.g. 74S140) 



sr 
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DIGITAL OPTOCOUPLERS - PLASTIC PACKAGE 



DATE 5£M 
RLE: COUHJEhiUiENAHAUt 



f CURRENT 
ImA] 

16 _ 

6 -\ 

4 - 
2 

1 - 

0.5 - 



2.5 



LED CURRENT <~> SPEED 
TRADE OFF 

LOW PERF. 



HCPL-22XX 



HIGH PERF. 

HCPL-2SXX HCPL-24XX 

VERY HIGH PERF. 



HCPL-2300 



10 



1 1 

20 40 
— »» SPEED [MBIt/««c] 



APPLICATIONS LAB EUROPE 



HEWLETT 
PACKARD 



00 



ANALOG OPTOCOUPLERS - PLASTIC PACKAGE 



0AT&2B.AM 
RLE; O0OPLEH£\G£N£fl*i}4 



t 



CTR 

400 _ 4 N 46 
4N45 

200 — 



GAIN <--> SPEED 
TRADE OFF 



6N139 
6N138 



100 — VERY HIGH PERF. 

50 — 



25 _ 
12.5 — 



HIGH PERF. 
5N136 



LOW PERF. 



6N135 HCPL-4562 

i i i i i i 



0.0025 0.01 0.04 0.16 0.6 2.5 10 

SPEED [MBit/sec] — 

APPLICATIONS LAB EUROPE fflSi HEWLETT 

PACKARD 



00 



185 



WHAT IS A 20mA 
CURRENT LOOP? 



IT CONSISTS OF 



TRANSMITTER 
RECEIVER 
CURRENT SOURCE 
TWISTED PAIR OF WIRES 



IT IS USED TO COMMUNICATE DIGITAL INFORMATION OVER 
DISTANCES OF A FEW METERS UP TO SEVERAL KILOMETERS 
IN NOISY ENVIRONMENTS 



JA IN 



20 ma loop current for logic high 
2 mA for logic low 



BASIC CIRCUIT 




DATA OUT 



TRANSMITTER 



RECEIVER 



TYPICAL USES INCLUDE COMPUTER PERIPHERALS 
AND INDUSTRIAL CONTROL EQUIPMENT 



HALF DUPLEX CONFIGURATIONS 



NON-ISOLATED 
STATION 



DATA- 



DATA • 



XMTR 



HXH 



20 mA 



D 



rcvr 




DATA 



DATA 



NON-ISOLATED 
STATION 



DATA- 



XMTR 



DATA 



RCVR 




ISOLATED | 
STATION | 

I 

L 



XMTR 




RCVR 


HCPL-4100 




HCPL-4200 


-t — 

DATA 


-I- 

DATA 



J 



"I 



XMTR 
HCPL-4100 



DATA 



DATA 



00 



MULTIDROP 



SIMPLEX POINT-TO-POINT WITH ISOLATED 

XMTR 



5 VO- 



TRUTH TABLE 
(POSITIVE LOGIC! 





•loop 


VOUT 


H 
L 


20 mA 
<2 mA 


H 
L 



(6 V dc - 27 V dc) 

O V CC 




1 KS! 



VOUT 



00 

-J 



i 



SIMPLEX POINT-TO-POINT WITH ISOLATED 

RECEIVER 




APPLICATIONS FOR HCPL-3700 



• LIMIT SWITCH SENSING 

• LOW VOLTAGE DETECTOR 

• 5V-220V AC/DC VOLTAGE SENSING 

• RELAY CONTACT MONITOR 

• RELAY COIL VOLTAGE MONITOR 

• CURRENT SENSING 

• MICROPROCESSOR INTERFACING 



HCPL-3700 



AC/DC 
POWER 



LOGIC 



HCPL-3700 INTERFACE TO MICROPROCESSOR 
VIA A PERIPHERAL INTERFACE ADAPTER 




HCPL-3700 



V 

v cc 



AC 


Vcc 


8 


DC+ 




7 


DC- 


Vo 


6 


AC 


GND 


5 



7£ 



Vcc 

PERIPHERAL 
INTERFACE 
ADAPTER 
(PIA) 

PA 
GND 




DATA 




MICRO- 
PROCESSOR 
(MPU) 
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DIGITAL OPTOCOUPLERS - PLASTIC PACKAGE 


H C PL - 22XX 


* 5MBAUD - 1.6MA / VERY HIGH CMR 


HCPL-2200 


SINGLE 


1000 VAis / ENABLE INPUT 


HCPL-2201/2 

■ ■ i mtimm mm mmm 


SINGLE 


1000 Me 


HCPL-2211/12 


SINGLE 


WWW V/UO 


HCPL-2231/32 


DUAL 


6000 VAis 


HCPL-26XX 


* 10MBA 


UD - 6MA / HIGH 8PEED 


6N137 


SINGLE 


INT. PART NR: HCPL-2600 


HCPL-2601 


SINGLE 


lOOOWue 


HCPL-2602 


SINGLE 


lOOOMs / CURRENT LOOP INPUT 


HCPL-2630 


DUAL 


STANDARD 


HCPL-2631 


DUAL 


HIGH CMR 


HCPL-2300 
HCPL-2400 


* 8MBAI 

♦ 20MB/ 


ID - 0.5MA / VERY LOW CURRENT 
AJD/5MA VERY HIGH SPEED 


HCPL-4100 


* CURRENT LOOP TRANSMITTER 


HCPL-4200 

J.W.2&&S7 


» CURRENT LOOP RECEIVER 

TTM HEWLETT 
MEM PACKARD 
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ANALOG OPTOCOUPLERS - PLASTIC PACKAGE 


HCPL-25XX 


* 1MBAUD - 16MA / HIGH 8PEED <— > LOW GAIN 


6N135 


SINGLE 


CTR=7% MIN 


6N136 


SINGLE 


CTR=19% MIN 


HCPL-4502 


SINGLE 


=6N136 / PIN7 N.C. — > HIGH CMR 


HCPL-2502 


SINGLE 


CTR«15-22% 


SL5505 


SINGLE 


CNET APPROVED 


HCPL-2530 
HCPL-2531 


DUAL 
DUAL 


=6N135 
=6N136 


HCPL-27XX 


# 100KB 


AUD - HIGH GAIN <— > LOW SPEED 


6N138 


SINGLE 


100KBAUD / CTR=300% AT 1.6MA CHCPL-2700) 






100KBAUD / CTR=400% AT 0.5MA (HCPL-270D 


HCPL-2730 


DUAL 


Willi 


HCPL-2731 


DUAL 




4N46/6 


* 3KBAUD/HIGH GAIN< — >LOW 8PEED / 6PIN PACKAGE 


HCPL-3700 


* AC or DC THRESHOLD SENSING 


J.W.28A87 




■n HEWLETT 
^^SCJm PACKARD 





